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© Variable diameter rotating recanalizatlon catheter and surgical method. 

(§) According to the invention there Is provided 
an intravascular catheter comprising an elon- 
gated flexible Jacket having opposed proximal 
and distal ends and 'a central passageway 
extending between and interconnecting the 
ends. A rotating working head Is located at the 
distal end of the jacket A flexible drive cable 
extends through the passageway of the jacket, 
having a driving end operative^ connected to 
the working head for rotating ft and a driven end 
operatively connected to a high-speed motor. 
The working head is rotatably mounted In a 
bearing sleeve which is further attached to the 
catheter jacket The working head Is actuated, 
by an actuator which adjusts a pair of tip por- 
tions from , an at least Initial retracted position 
with a first effective working diameter to an 
extended position with a second effective work- 
ing diameter greater than the j first effective 
diameter. Centrifugal forces generated by rota- 
tion of the cable cause the tip portions to 
assume the greater effective working diameter. 
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Intravascular catheter for removing occlusions from vessel • has 
working head joomalled in bearing sleeve attached to catheter 
jacket through which drive cable extends. (Eng) 
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The catheter comprises an elongated flexible jacket having opposed 
proximal and distal ends, defining a central passageway extending 
between the ends. A working head is located at the distal end of the 
jacket A flexible drive cable extends through the central 
passageway, including a driving end rotatably connected to the 
working head at the proximal end and a driven end operatively 
connected to a power source for high-speed revolution of the working 
head. 

An actuator actuates the working head from at least an initial 
retracted position, having a first effective working diameter, to an 
extended position. The second position has a second effective 
working diameter greater than the first effective diameter. 

ADVANTAGE - Centrifugal forces generated by rotation of the 
cable cause the tip portions to assume the greater second working 
diameter. (6pp Dwg.No.1/6) 
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The Invention generally relates to a catheter use- 
ful In removing occlusions from a vessel, particularly 
an artery or vein. 

During an Intravascular procedure, it is typically 
necessary to utilize some type of mechanical device 5 
to remove an occlusion from a vessel. Generally, a re- 
canalization catheter including a rotatabJe working 
head with a fixed diameter Is used for engaging and 
cutting the blockage from the vessel wan. As the 
catheter Is advanced, the vessel increases or d* 10 
creases in diameter necessitating the use of several 
differenttip sizes to complete the procedure. Fixed di- 
ameter catheters of this type are available from Dow 
Corning Wiright-Theratek, under the name TRAC- 
WRIGHT, in various size designations. f5 

To change the working diameter during the pro- 
cedure, the catheter is removed from the lumen of the 
vessel and a catheter having a larger or smaller work- 



ameter is reinserted Into the vessel. 20 
US. Patent No. 4,895,560 to Papantonakos de- 
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tuator cylinder for Increasing or decreasing the diam- 
eter of the tool. The tool further comprises a multipli- 
city of flexible, leaf-shaped flutes axlally connected to 25 
a driving rod. The flutes are linearly displaceable with 
respect to the actuator cylinder, causing a change in 
theradWd&nensionoftheflutes.Astherodisretract- 
ed by the actuator through a base plate the tool is 
compressed, forcing the flutes to bow outward there- 30 
by increasing the effective working diameter of the 
tool a corresponding amount One disadvantage of 
this tod is that sharpened edges of the rotating flutes 
can damage vascular tissue. 

US. Patent No. 4,811,735 to Nash describes a 55 
catheter for destroying gallstones within the body. 
The catheter Is positioned adjacent a stone to pulver- 
ize a on contact when the working head is rotated. 



ed Impacting arms radially arrayed at the end of a 
drive shaft that is said to rotate at high speeds from 
5,000 to 100,000 rpm. Thecentrifogal force of rotation 
urges the plvotaOy attached arms to move from a re- 
tracted position to an extended position, thus striking 
the stone and disintegrating L The catheter utilizes 
centrifugal force to cause the hammers to pulverize 
the stones, rather than scraping to remove occlu- 
sions from a vessel. 

Accordingly, there remains a need for a rotating 
catheter which Is expandable to different working dl- 
ameters and non-cutting to vascular tissue having 
varying lumen sizes. 

According to the Invention, there Is provided an 
intravascular catheter comprising an elongated flex- 
ible Jacket having opposed proximal and distal ends, 
defining a central passageway extending between 
the ends. A working head is located at the distal end 
of the Jacket Aftexibfe drive cable extends through 



the central passageway, including a driving end rotat- 
ably connected to the working head and a driven end 
operatively connected to a power source for rotating 
the working head. An actuator is provided for actuat- 
ing the working head from at least an Initial retracted 
position having a first effective working diameter to 



an 



Centrifugal forces generated by rotation of the cable 
cause the working head to assume the greater sec- 
ond working diameter. 

An advantage of the invention Is the safe removal 
of an occlusion by scraping the vessel wall with a non- 
cutting too!. 

Another advantage of the Invention is the capa- 



ing head to accommodate various lumen sizes with- 
out removal of the catheter from the vessel. 

Accordingly, it is a general objective of this friven- 
tlon to provide a method for performing a medlcal/sur- 
glcal procedure using the Invention, while overcom- 
ing disadvantages of the prior art 

The invention may be better appreciated by ref- 
erence to the attached drawings, whfch flfustrate one 
or more preferred embodiments, wherein: 

FIG. 1 is a sectional view of the working head of 

the catheter according to the Invention; 

FIG. 2 is an end view of FIG: 1; 

FIG. 3 is a sectional view of the actuator with the 

tip portions In the extended position; 

FIG. 4 is a sectional view of the working head of 

the catheter wfth the tip portions In the retracted 
position; 

FIG. 5 is a sectional view of the actuator with the 
tip portions in the retracted position. 
Further objects and advantages can be appreci- 
ated by reference to the ensuing detaBed description, 
taken in conjunction wfth the above mentioned draw^ 



ignate corresponding structures of the drawings. 
Referring in general to FIG. 1, an Intravascular 



sions from a vessel. With further reference to FIG. 1, 
the catheter 10 has a flexible drive cable 12 extend- 
45 ing within central passageway 15 between the proxi- 
mal 30 and distal 28 ends of the catheter Jacket 14. 
The driven end 35 of drive cable 12 (FIG. 3) is attach- 
ed to an actuator 40 which Is further attached to the 



so speeds. The working head generally Indicated at 20 
Is located at the distal end 28 of the catheter Jacket 
14 and Includes a pair of tip portions 22 mounted to 
pivot as the working head is rotated by the cable 12. 
The actuator 40 actuates the working head 20 for ad- 

55 Justing the tip portions 22 from an at least initial re- 
tracted position A (FIG. 4) having a first effective 
working diameter, to an extended position B (FIG. 1) 
having a second effective diameter greater than the 
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maa > gre^Br B effectlve waking diameter. 

comprises a shaft 26 at the driving end «™» «™ 
12. The tip portions 22 are phrotaBy mounted on the 
shaft 26 byapin 38 and separable fromone another 
by cenJgal foxe as the cable 1 2 rotates the shaft 
a? S^eds. The outside of shaft 26 is inserted « 

T££> diameter of the .shaft The beanng 
sleeve18 Inducing abarbed end "and the shafts 
are further inserted Into the Jacket 14 andacnmp 
Snd 16 crimped around the jacket circurnference « 
fcTming a pressfit which permanent* affixes the 
shaft and bearing sleeve to the workmg head 20. 
whflestiDaBowlrgtheshafttomtatefreeiywUhlnthe 

LaU>sleevaThebarbedend3 

beS sleeve within the jactet 14 The beOTJ *> 

slee7l8alsopresentsa bearing face in contact with 
the shoulder 24 of the Up porttons 22 wher ^ 
portions are in a retracted position. The cable 2 « 
made of small diameter tubular wire and Is farther 



working diameter of the tip portions 22 by extending 
the shaft 26 dlstally within bearing sleeve 18 and de- 
creases the working diameter of the tip portions by 
retracting the shaft proxlmally. 

As the male portion 44 Is rotated counterclock- 
wise the threads of the female portion 46 are disen- 
gaged, moving the male portion a distance C and 
mi the drive pin 66 in the proximal direction 
thereby moving drive cable 12 in the same diction 
since the drive pin and drive cable are attadied. 
When the male portion 44 is rotated in the clockwise 
direction the threadsofMne female portton46areen. 
gaged thereby movlr« the drive pin 56 in the dBtald^ 
^onfatlwresultingtotheshaft26movingd2al. 
I« within bearing sleeve 18. The travel of shaft .26 in 
the distal direction is limited by the spacing between 



As the shaft 26 extends dlstally, the weld collar 34 
comes into contactwith the barbed end 32 prevenbng 
„.^v»»n e ten trf the working head 20 relative to dis- 



surnoundedbyanMongawoiw«wr™-'~ « — - 25 
13. The helically-wound bearing 13 takes the form of 
awlmcoBsurmundmgthecableUa^ 
rotating cable from fricttonally contactmgthe mternal 
surfaceoftheJacket14whenthejactotbbent.as 
bendNjoftenoccOTincordbrnimgtothevesselcur- so 

Va TwiHbeappreciated by those skffllnthe art .that 
catheters could have a hoOow drive cable, le.. adnve 
cabletnatlsnotsolldbuthonwafldwhichiiwludes 
awlraloperdngallgnedwlthaguldewayformedin ss 
the drive shaft of the present catheter. Thus, a con- 
ventional guidewlre could be passed through the 
suchanopenlngtofac!liteteplacernemofthe«|thev 

er at the desired arterial site. Such an embodiment 
codda^tacflrporateirmjsto^ 40 

Kefentog to RGS. 3 and 5. the actuator 40 far- 
ther comprises a tensioning mechanism 42 havlnga 
male portion 44 threadedly engaging a female por- 
tion 46. The tensioning mechanism 42 farther com- 
pnsasa drive Insert 50 containing proximal end 30 of 4S 
the Jacket 14 and both the jacket and drive insert are 
enclosed by jacket boot 52. A drive homing « ecu- 
pies the drive Insert 50 including a swivel Mng 55 
to the female portion 46. The driven end 35 of the 
flexible drive cable 12 is welded to adnve pin 56 and so 
the drive pin farther extends throtjgh a central chan- 
nel 51 of the tensioning mechanism 42 and termin- 
atesvrithln themale portion 44. Thedrive ^S6^ 
8trata«lfmmmovlr«intheaxlaldlrectionwdhln^ 
malepc^n44a8themaleportiOTbroteted.A8haf 65 
Ortng 61 forms a seal around drive pin 56 and central 

channel 51. 

.onomninn mechanism 42 Increases the 



tal end 26 of jacket 14. 

Referring again to RGS. 3 and 5. the actuator 40 
is responsible for advancing cable 12 dlstally. to in- 
crease the d istance between the shoulders 24 of the 
« P p(>rtions22andmefmmface<rfbearingsleeve18 

allowing the tip portions to separate freely, in re- 
sponse to the centrifugal forces exerted during rote- 
Hon. thus expanding to a larger effectrve oittlng dJ. 
ameter. As the cable 12 Is retracted proximally by ac- 
tuator 40. the shoulders 24 of the Up portions are 
forced against the front face of bearing sleeve 18. 
thereby decreasing tha effective cutting diameter of 
thetlp portions 22. The actuator 40 advances and re- 
tracts the cable 12, while having a drive means (not 
shown) coupled to pin 58 through the tenaionfag 
mechanism 4ZThe tip por^^ 
lie number of effective working diameters dependent 
upon the numberof threads that are engaged on the 
tensioning mechanism 42. ^ h . 

Inoperatlon. the working head 20of the catheter 
iOfeinsertedpercutorK.ouslyt^^ 

Hon of the occlusion or blockage, The tip porttons 22 
are rotated, the working head 20 farther advanced 
until engaging and removing the ocduslon from the 
vessBl wall by the scraping non-abrasive action. 



Claims 

1. An intravascular catheter for removing occlu- 
sions from a vessel comprising: 

(a) an elongated flexible Jacket having op- 
posed proximal and distal ends, defining a 
central passageway extending between the 



(S^v^gheadlocaledatthedistalendof 
the Jacket 
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(c) a flexible drive cable extending through 
the centra; passageway, Including a driving 
end rotatably connected to the working head 
at the proximal end and a driven end opera- 
tively connected to a power source for high- s 
speed revolution of the working head; and 

(d) an actuator for actuating the working head 
from at least an Initial retracted position ha* 
Ing arret effective working diameter to an ex- 
tended position having a second effective 10 
working diameter greater than the first effec- 
tive diameter whereby centrifugal forces gen- 
erated by rotation of the cable cause the tip 
portions to assume the greater second work- 
ing diameter. 

T5 

The catheter of claim 1 wherein the working head 
further comprises a shaft operatfvely connected 
to the drive cable at the distal end of the jacket, 
including a pair of tip portions phrotalty mounted 20 
on the shaft, the tip portion being separable from 
one another by centrifugal forces as the shaftro- 
tates. 

Thecatheterofclalm2wherelntheworkinghead 25 
further comprises a rotating Hp. including a 
sleeve presenting a bearing face which axially 
contacts a distal shoulder of the working head in 
a refracted position. 

A method for removing occlusions from a vessel 
comprising the steps oft 

(a) Inserting the catheter into a Incision made 
in the vessel; 

(b) advancing the working head of the cath- 35 
eter near the site of the occlusion; 

(c) rotating the working head and farther ad- 
vandng the working head to contact the oc- 
clusion with the rotating tip portions, thereby 
scraping the occlusion from the vessel wan. 40 



45 
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